In 2015, the Chinese pharmacologist, Tu Youyou, was awarded the Nobel Prize for Physiology or Medicine for the discovery of artemisinin. Traditional Chinese medicine (TCM) was the source of inspiration for Tu's discovery and provides an opportunity for the world to know more about TCM as a source of medical knowledge and practice. In this article, the value of TCM is evaluated from an ethical perspective. The characteristics of 'jian, bian, yan, lian' are explored in the way they promote accessibility and economic efficiency for TCM. The article also examines how the increased use and prevalence of TCM reflects the scientific, cultural, and ethical values of TCM and their increasing attraction in meeting major challenges to medicine and health systems currently and in the future. The article discusses safety issues within TCM, which is a controversial area, and also comments on some shortcomings and challenges which pose difficulties for more widespread and greater uptake of TCM-derived clinical or therapeutic interventions. The article concludes that TCM is generally safe if it is used according to TCM theory and where such applications are cognizant of the strengths and weaknesses of TCM. TCM has important bioethical values which may inform potential measures for meeting challenges facing global health care systems and the article argues that it can have an increasing role in improving human health. K E Y W O R D S Chinese traditional medicine, ethical value, Nobel Prize for Physiology or Medicine, safety, Tu Youyou 1 | GEN E RA L I NT ROD U CTI ON The Chinese pharmacologist, Tu Youyou, was awarded the 2015 Nobel Prize for Physiology or Medicine for the discovery of artemisinin. The main contribution, which led to the award for Tu Youyou, was the 'discovery of artemisinin, a drug which can significantly reduce the mortality rate of patients suffering from malaria, in addition to its unprecedented therapeutic effect in severe malaria treatment.' 1 A speech, 'Discovery of artemisinina gift from traditional Chinese medicine to the world' was delivered by Tu at the Karolinska Institute on December 7, 2015, in which she introduced the discovery process of artemisinin and how it was inspired by traditional Chinese medicine (TCM). The discovery process was a result of the combination of TCM and modern Western medicine in matching scientific analysis with historical treatises containing TCM treatments and observations on therapeutic uses. Tu Youyou's award provides us, especially researchers of TCM, an opportune time to further rethink the value of TCM and the societal, cultural, and ethical issues for TCM, to make the best use of it for continuing improvements in human health care.
Yang, five elements, and the relationship between man and the universe. 'Looking, listening, questioning, and feeling the pulse' are the four diagnostic methods of TCM, which aim to determine the cause, the character, the location, and the pathogenetic type of a disease.
After diagnosis, therapeutic approaches are chosen for patients based on the principle of syndrome differentiation. The therapeutic approaches utilized by TCM include, for example, Chinese herbology, acupuncture, manipulation, massage, cupping, scraping, qigong, Chinese dietary therapy, and musicotherapy, amongst others.
| Tu Youyou discovers artemisinin with the assistance of TCM literature
In the early 1960s, a strain of malaria emerged worldwide which had high resistance to existing antimalarial drugs, such as chloroquine and quinine. In 1967, the Chinese government launched the 523 Project to work on antimalarial drug research, aiming to discover new antimalarial drugs. In 1969, Tu Youyou officially joined the 523 Project, and was appointed as the team leader. Tu reviewed classical TCM literature with the aim of finding antimalarial herbs or prescriptions. She finally discovered that the extractive from Artemisia apiacea had a significant antimalarial effect, with a high inhibition rate (60-80%) in mice with malaria. At that time, it was difficult to ascertain the therapeutic effect of extractive from Artemisia apiacea as a potent antimalaria drug because of varying outcomes.
In 1971, Tu was inspired by one sentence in Zhou Hou Bei Ji Fan, a handbook of TCM prescriptions for emergencies. It stated that '[Patients were asked to] steep a hold of Artemisia in 2 litres of water, twist the Artemisia, take the juice and drink it up.' Tu then realized that the application of high temperature during the extraction process may cause damage to the active ingredients of Artemisia. That was the reason that Tu chose to use ether instead of ethanol for extraction, because ether has a lower boiling point. After doing this, she found the extractive from Artemisia achieved a satisfactory antimalarial effect in 100% of the mouse and monkey models. After subsequent clinical trials and further studies, Tu and her colleagues discovered a new antimalarial drug, artemisinin, for clinical use. 2 Tu's success in developing this treatment comes from two key points: the first is that Artemisia was correctly chosen as a potential source for treatment, and the second was the selection of ether, which has a low boiling point, being used for extraction. However, both of these points were only discovered by Tu's analysis of classical TCM literature. Tu was correct in her approach in retrospect, by being able to draw on the extensive herbal knowledge contained in the texts, and the exposition of how treatment should proceed, which gave her insight into the negative impact on treatment that might be caused by the application of high temperatures during the extraction process.
This combination of drawing on TCM knowledge and history and modern medicine's scientific methods and clinical approach continues to serve as inspiration for the identification of other novel treatments and therapies that might be found through analysis of TCM literature.
| Characters of jian, bian, yan, and lian in TCM
TCM is increasingly popular in China, as shown in Table 1 . This may be due to the four key characteristics of TCM which are 'jian', 'bian', 'yan', and 'lian'.
'Jian' means simple. Here it refers to the observation that TCM practitioners can make a diagnosis at any time and place just by use of the four classical methods mentioned before: 'looking, listening, questioning, and feeling the pulse'. The process of diagnosis rarely depends on complicated medical equipment or costly procedures.
'Bian' means convenience, reflecting the accessibility and availability of Chinese herbal medicine. TCM advocates making the best use of local materials for diagnosis and treatment. Local plants, animals, minerals, and other resources can all be used as drugs. Furthermore, the processing techniques used in Chinese herbal medicine are also convenient and cheap from an economic perspective. This is different from Western medicine, which normally requires expensive or complex chemical equipment and where development and production of drugs and treatments have high costs. In addition, TCM therapies such as acupuncture, scraping, cupping, and traction are convenient in terms of ease in deploying them as clinical treatments, and generally have no side effects when utilized correctly.
'Yan' means validation. TCM has a reliable and significant documented history of more than 2,000 years. There is a large amount of solid evidence, from literature and practice, which supports the valida- The characteristics associated with jian, bian, yan, and lian are focused on demonstrating and reflecting the availability and economics of TCM, from the perspective of patients, practitioners, and society.
We suggest that both the availability and economics of TCM are important bioethical issues for modern medicine, given the array of challenges facing global health care, such as increased costs and restricted availability of health care for individuals globally. The ways in which TCM deals with these issues are key drivers in the expansion and growing popularity of TCM in China and potentially globally.
| The valid curative effect of TCM
TCM has faced serious challenges and questions, regarding its effiacy and approaches, from Western medicine since the early 20th century, and these persist today. Proposals to abolish TCM arose many times in China as there were proposals to supplant TCM with Western medical science and practices. However, TCM has gained an important role in Chinese health care, due to its demonstrated efficacy, its economic benefits, and as a viable alternative to treating diseases and conditions.
Coexistence between TCM and modern medical practices is now the rates for patients and allowing a better quality of life. This is seen especially in middle-to late-stage cancer patients, unable to achieve positive therapy outcomes with standardized Western treatment or when they are not suitable for surgery, where TCM treatment can be used to prolong their survival time, decrease the size of the tumor, improve their symptoms, or indeed, in some instances, cause remission. 4 TCM is therefore considered to be the fourth therapy for cancer treatment in China alongside surgery, radiotherapy, and chemotherapy.
In infectious disease treatment, TCM is used in AIDS treatment, which can greatly improve the quality of patients' life and prolong their survival. TCM has more significant impact on the patient's quality of life when patients and the virus coexist. 5 Compared to modern medicine, TCM showed a superior curative effect in the treatment of infectious disease during the SARS epidemic in 2003. The death rate in mainland China was 7%, which was far less than the world mortality level of 11%, as a result of the use of TCM in conjunction with modern medical treatments. 6 TCM is also being used for treatment of heart and cerebrovascular disease. One of the problems in the management of coronary heart disease patients is restenosis after stent placement.
Chen Keji, an academician of Chinese Academy of Sciences, used Chinese herbal medicine to make a drug, xiongshao, which can reduce the rate of restenosis and angina by 50%, and reduce the incidence of 'final events' by 49%. 7 2.4 | The scientific nature of TCM TCM is an ancient science of China, and is different from modern science. However, in recent years, research on the scientific basis of TCM has achieved a number of satisfactory results.
Syndrome differentiation treatment is the core of TCM's theory.
'Zheng' in TCM, also called 'zhenghou', means 'syndrome', and is the central concept of the theory; it is an essential reflection of the cause, position, and nature of disease in a stage of its development. It is believed that syndrome is expressed in the pulse, tongue, shape, color, facial, and other related symptoms presented by patients. For a considerable time, Chinese medical scientists unanimously agreed on the existence of 'zheng' but were unable to expound on its scientific basis. In recent years, with the development and the application of genomics and metabonomics to TCM, its scientific basis has been partially revealed.
Genomics studies at the level of the whole genome to clarify the location and structure of genes, the function of the gene products, and the relationship between genes. Yang Huanmin, an academician of the China Engineering Academy, points out that the process of TCM syndrome differentiation treatment is similar to that of genomics, and that the research method of studying the human genome possesses a lot of similarities with the concept of holism and differentiation within TCM. 8 According to research focused on studying the curative effect of Yupingfeng powder on Qi deficiency syndrome, the decoction of the herbal medicine illustrated the presence of many active tiny genes, which can complement and repair the damaged or faulty genes of the human body However, it is expected that the award of the Nobel Prize to Tu Youyou will provide further opportunities to promote and support the development of TCM in Europe. 15
| S A F ETY A N D OT HE R K EY ET HI CA L I S S U E S O F TCM

| TCM safety
TCM arose in ancient China and its limitations and problems have been well-documented internally and externally by TCM practitioners, Chinese society, and Western medicine. The safety of TCM has been an issue of increasing concern in recent years, especially as TCM has 9 Lin, X. (2015) . 'Black box': Mechanism of Chinese traditional medicine in genetic decoding. China's Traditional Chinese Medicine, 11(6), 1. spread internationally. Compared with relatively safe and less negative or invasive TCM therapies such as acupuncture, massage, cupping, scraping etc., Chinese herbal medicine has been severely doubted due to safety problems. This has been compounded by some toxic reactions in patients caused by the abuse of Chinese herbal medicine. However, this article holds the view that Chinese herbal medicine is generally very safe if it is used correctly. Nevertheless, the factors leading to safety issues with Chinese herbal medicine are discussed below. should not be used due to potential damage to certain visceral functions. Therefore, it is the responsibility of TCM doctors or patients to ensure that treatments are used in the correct manner. If patients, for example, do not follow the prescription for taking the medicine, or take the medicine without differentiation on syndrome, using medicines for an effect that is not noted in the literature or mixing the medicine improperly, they risk having toxic side effects; likewise use of medicine for longer than the prescribed time can result in side effects. For example, in the case of the 'Bolus of gentian for purging liver-fire incident', some patients had taken bolus of gentian for purging liver-fire for a long time with the aim of losing weight, and this ultimately resulted in kidney damage. However, according to TCM theory, this medicine should have been used to treat the syndrome of liver and gallbladder damp-heat and should have been used for short periods of time. 17
| Incorrect use of Chinese herbal medicines
| Non-standard processing of TCM decoction pieces
The processing of TCM decoction pieces is an important step in making the original herb into usable medicine pieces according to certain procedures, which is called paozhi in Chinese. These procedures not only reduce the toxicity and chance of side effects, but can also increase the curative effect of some medicines. For example, after paozhi, the toxicity of Ligusticum wallichii and radix Aconiti kusnezoffii, which contain the double ester aconitine, can be reduced to 1/2,000, and the curative effect for heart and kidney treatment is also improved. However, in recent years, some manufacturers of TCM decoction pieces have ignored or reduced the requirements of processing, or have processed ingredients incorrectly, which can increase the possibility of adverse reactions and toxicity.
| Confusion and misuse of some Chinese herbal medicines with similar names
Due to the vast geographic area of China, there is a diverse range of Chinese herbal medicine and it is common to see some different medicines having the same name. A study has pointed out that there are more than 8,000 different kinds of basic resources for Chinese herbal medicines, and some medicines contain more than 10 basic resources.
Medicines may share the same name, but may have different curative effects and toxicities, and this can have a significant impact on the safety of TCM due to possible misuse. For example, in the case of the aristolochic acid incident, a foreign weightwatchers' institution used caulis Aristolochiae manshuriensis instead of Akebiaquinata, and Aristolochia fangchi instead of Stephania tetrandra, and this resulted in acute renal failure caused by aristolochic acid in a number of individuals taking the preparation. 18
| Non-standard clinical use of TCM injections
As a new preparation, TCM injections are more concentrated in adverse reactions. Some studies found that among 392 adverse reactions, 302 were from injections, accounting for 77.04%, 81 were from Chinese patent drug, accounting for 20.66%, 7 were from Herb medicines, accounting for 1.79%, and 2 were external use, accounting for 0.51%. 19 Another study found that among 1,292 cases of adverse reactions reported in China during the period 1990 to 1999, 718 cases were caused by injection, accounting for 55.6% of all cases. 20 According to a safety monitoring report conducted by the State Food and Drug Administration, besides the issue of the quality of TCM materials and preparation technology, the safety risks of TCM injection are mainly related to clinics mixing TCM treatments using other drugs. It is a result of failure to adhere to the regulations of the national Basic Principles of Clinic Use of Chinese Medicine Injection. 21 report showed that a patient with acute renal failure had taken a large amount of medicine, which was 20 to 50 times the correct amount according to Chinese Pharmacopoeia. A patient who was poisoned in Belgium took Aristolochia fangchi for 12 months, and a Chinese patient took the bolus of gentian for purging liver-fire for 20 years. 22 Longterm toxicity through prolonged use of these treatments is noted in the TCM literature as having serious side effects. It is therefore critical that publicity and advertising of TCM treatments are of a high standard to ensure that the public are aware of any risks.
| Misleading publicity for TCM
| Shortcomings and challenges for TCM
There are some shortcomings and challenges for TCM. First, a disease in TCM is commonly named after the symptom and lacks a pathophysiological factor, for example, cough, stomach pain, headache, etc. Second, a doctor-dependent diagnosis is required because there are no objective and quantitative diagnosis indices. In TCM, a diagnosis is made mainly based on the patient's signs and the interrogation of reported and observable conditions, like the color of patient's face or tongue, or the features of the patient's pulse. As such the experience and ability of the doctor is vital for a correct diagnosis in TCM settings.
The third challenge is the theoretical system of TCM, such as Yin and Yang, the ancient theory of five elements, and six kinds of natural factors; these are difficult for young students to understand and integrate into practice, so it often takes a long time, sometimes 20 years, to develop a qualified TCM doctor.
Identifying the scientific nature and basis of TCM using modern science, to enable the scientific community to better understand TCM, is a challenge. In recent years, there have been more and more important scientific research projects on TCM in China and some significant progress has been made. The Nobel Prize awarded to Tu will no doubt further encourage and improve the quality of these TCM studies.
| CON CLU S I ON
Tu Youyou winning the Nobel Prize provides an opportunity for the world to know more about TCM, which created the inspiration for Tu's discovery of artemisinin. TCM's characteristics of jian, bian, yan, and lian afford an opportunity for an alternative set of medical treatments with high value in international health care settings. The valid curative effect on many refractory diseases, progress on the scientific nature of TCM, and its international recognition and popularity continue to reflect and shape the scientific, cultural, and ethical values of TCM.
Although safety is a closely watched and important issue, TCM is generally safe if correctly used. Some shortcomings and challenges in TCM may also be addressed with more work and continued research in the future. Finally, TCM may have potential in the treatment of complicated and challenging diseases such as cancer, cardiovascular disease, and AIDS. It is also a field worthy of further studies, exploring the 'treasure house' of TCM knowledge, positing the potential for these other diseases of a revelation as dramatic as artemisinin for the treatment of malaria.
